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A new experiment shows that the perceived motion path of a textured object is affected both by the path of
the object and by the motion of texture within it, but that eye movements attempting to intercept the object
are unaffected by the texture movement.Figure 1. Frame sequence for a ‘double
drift’ stimulus.
Time and horizontal position read from left to right.
Each of the 16 frames shows a stimulus (a Gabor
patch) in a particular position and phase. The
envelope of the patch moves from right to left
while the carrier grating moves upwards.It is notoriously a bad idea to look at one’s
feet when running down stairs.
Conversely, a rock climber who does not
look carefully for the next handhold is
likely to come to grief. These ordinary
observations suggest that the relationship
between perception and action is quite
complex and situation-specific, and has a
lot to do with speed. This has not
prevented philosophers and some
psychologists from speculating that
perceiving and acting depend on a single
underlying system. George Berkeley in his
‘New Theory of Vision’ [1] argued that
visual perceptions are the memory traces
of previously performed actions.
Hermann Lotze [2,3] made the more
specific suggestion that the visually
perceived position of an object in space
relative to the body is identical to the
command that would have to be issued to
the eyes to move them to that object. A
new study by Lisi and Cavanagh [4],
reported in this issue of Current Biology,
tests Lotze’s conjecture directly and finds
it to be incorrect: specifically, the authors
infer from their data that the perceived
position of a moving target can be quite
different from the position to which the
eyes move when attempting to intercept
the target.
The stimulus used by Lisi and
Cavanagh [4] was a variant of the
well-known ‘double drift’ stimulus. A small
patch of grating similar to one of the
patches in Figure 1 moved in one
direction, while the bars within it moved in
a different direction, at right-angles to the
movement of the patch. For historical
reasons deriving from Fourier optics,
movement of the patch is referred to a as
‘envelope movement’ and movement of
the bars as ‘carrier movement’. The patchCuris called a ‘Gabor stimulus’ after its
inventor Dennis Gabor. Figure 1 is an
attempt to illustrate the double drift
stimulus as a time series of 16 frames with
the envelope moving from left to right,
while the carrier moves upwards. The
perceptual effect is that the patch
appears to move diagonally upwards.
Indeed, a static version of this diagonal tilt
is seen in Figure 1 itself, unsurprisingly as
this is the famous ‘Fraser Tilted Cord’ [5].
The Fraser effect is particularly obvious in
Figure 2, where alternating rows have
opposite apparent tilts. Most readers will
have considerable difficulty in persuading
themselves that the rows of Figure 2 are
parallel. The general principle seems to be
that ‘carrier trumps envelope’ in the
computation of orientation, both for static
and moving stimuli. Fraser (who was
Deputy Medical Superintendent of the
Central London Sick Asylum when he
published the paper) used this principle to
construct his famous spiral (Figure 3) in
which a set of concentric circles appears
to spiral inwards. A double-drift version
of this stimuli is particularly compelling: if
the circles rotate while the carriers
move centripetally, the stimulus
appears to spiral endlessly towards the
center, like water disappearing down a
plug-hole.
Lisi and Cavanagh [4] used a version of
the double-drift stimulus in which a single
Gabor patch moved upwards and
downwards in an ever-repeating cycle,
while the carrier moved leftwards or
rightwards. In the perceptual task, the
actual angle of the envelope trajectory
relative to the vertical was varied over
trials without the participants in the
experiment knowing its actual value.
Participants were asked to deciderent Biology 25, R827–R844, October 5, 2015 ªwhether the angle of the trajectory was
clockwise or anticlockwise of the vertical,
and to press an angle to indicate their
decision. The results showed that they
classified the angle as being vertical when
it was actually tilted away from the
direction of carrier movement, consistent
with the known ‘double drift’ perceptual
bias. In the control perceptual task, there
was no carrier movement within the
envelope, and there was no significant
bias away from the vertical. In the
eye-movement task, participants were
required tomake a rapid eyemovement (a
saccade) to the target whenever the
fixation point disappeared. The results did
not differ between the experimental
(moving carrier) and control tasks. On
the face of it, the results show a
remarkable dissociation between
perception and eye movements, but does
the experiment succeed where many
others have failed in ruling out alternative
explanations?
Are the Two Tasks Comparable?
The ‘two stream’ hypothesis of Goodale
and Milner [6], foreshadowed by the
anatomical work of Glickstein and May
[7], has spawned numerous studies
claiming to show dissociations between
perception and action, particularly in the
context of so-called ‘perceptual illusions’2015 Elsevier Ltd All rights reserved R831
Figure 3. The Fraser spiral.
The image consists of a series of concentric
circles each of which is a ‘twisted cord’ like
that in Figure 2. The twisted cords give the image
an apparently spiral structure. If the circles
are rotated while the phase shifts centripetally,
the patches appear to spiral inwards towards
the centre, like water down a plug-hole. The
following link is to an animated gif movie https://
owncloud.sf.mpg.de/public.php?service=files&t=
e842f92119d910554ba5d57c440978c3.
Figure 2. The Fraser ‘twisted cord’ effect.
Each row is a sequence like that in Figure 1. In
alternating rows the phase shifts upwards and
downwards. The rows are parallel but do not
appear so.
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controversial, because of obvious
difficulties in making the two kinds of task
comparable [9–12]. How do we know that
the observer is using the same kind of
information to perform the two tasks, or
even that the stimulus conditions are
comparable? Given the potentially
important effect of instructions and task
demand, it is interesting how few
psychophysical papers state exactly what
the instructions were, while the apparatus
and other procedures are meticulously
described. Generally, authors state a
paraphrase, such as ‘participants were
instructed to report whether the stimulus
was to the left or the right.’ It would be
useful if the exact words, written on an
instruction card, were described, along
with an assurance that no other
demonstrations or explanations were
added.
Lisi and Cavanagh [4] are acutely aware
of the problem of task/instruction
comparability, but even so there was a
salient difference in procedure between
their two tasks. In the perceptual task, the
stimulus remained on the screen until the
participant decided voluntarily to make
their decision. In the saccade task, on the
other hand, the response was triggered
by the fixation point being extinguished
and was thus under the control of the
experimenter. We can reject the obvious
artifact that exposure duration was the
key variable, because this was
systematically varied in the saccade task,
and found not to be important. ThereR832 Current Biology 25, R827–R844, Octobremains the possibility that voluntary and
triggered responses are different, but this
is so close to a dissociation explanation
as to be a petitio principii. A possible way
to make the tasks even more similar
would be to have both the perceptual and
saccade response take place on the same
trials [13]. In other words, the participant
observes the stimulus for, say, 250
milliseconds, then makes a saccade
triggered by fixation point offset, and
finally reports the perceived direction of
motion.
A further problem in some previous
studies is that there is no feedback in the
perceptual task to tell the participant
whether they are ‘right’ or ‘wrong’
whereas in the saccade task they could
adapt to their initial error by seeing that
their trajectory is off-track [14]. Lisi and
Cavanagh [4] neatly finesse this difficulty
by removing the target almost as soon as
the saccade begins.
Even if stimulus conditions and
feedback are equated as much as
possible, there is the thorny problem of
the task demand. In the perceptual task,
participants were asked to judge the
angle of the trajectory relative to the
vertical. In the saccade task they had to
move their eyes to the target position.
There are previous examples of
dissociations between positional
information and metrics such as
orientation and size. For example, in the
Muller-Lyer figure, the position of the line
terminations is not affected by the
arrowheads but the distance between
them is [15]. Lisi and Cavanagh [4]
consider the possibility that their
dissociation is not one between
perception and action, but between
angular and positional encoding. They
rebut this suggestion with their
Experiment 2, which tests for a positional
effect in a perceptual task. The trajectory
of a double-drift Gabor stimulus was
interrupted by a 250 milliseconds blank
after which the trajectory resumed but
from a different starting point, which
could be left or right of its original
position. Participants had to decide ‘left’
or ‘right’. If a leftwards-moving
carrier causes a leftwards positional shift,
Lisi and Cavanagh [4] reason, then
aligned pre-gap and post-gap
positions should seem misaligned,
and this is the result they obtained.
The assumption here is that position iser 5, 2015 ª2015 Elsevier Ltd All rights reservedreset to its initial non-biased value by
the gap.
What Is the Explanation of the
Fraser/Double-Drift Phenomenon?
Lisi and Cavanagh [4] call the biasing
effect of a moving carrier on perceived
trajectory angle an ‘illusion’ but it is not
clear that this term is anymore useful than
in other cases of perceptual biases [16].
The double-drift stimulus is actually
ambiguous; the carrier is actually
changing its position from left to right
while the envelope is moving downwards.
The carrier-induced bias tells us that
participants do not have or do not use a
dedicated mechanism that can respond
to envelope movement alone, but this is
nomore an ‘illusion’ than our failure to see
ultra-violet light.
The same can be said of the Fraser
effect, which observers see as tilted in the
same direction as its Fourier components.
As neither the envelope nor the carrier
dominate completely, a formal model is
required in which the two kinds of
information are combined through the use
of different filters [17,18]. The intriguing
question raised by the Lisi and Cavanagh
[4] result is why the saccade system
seems to have privileged access to the
second-order (envelope) information
while the perceptual system does not.
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Previous studies have shown that the
moving carrier induces a small positional
shift even in a stationary-envelope
stimulus and that this shift is equal for
perceptual and saccade tasks [19]. Lisi
and Cavanagh [4] speculate that this
effect accumulates for a moving-carrier,
because the positional shift at each
sampling point along the trajectory
becomes a Bayesian prior [20] for its
position at the next sampling point;
however, this evidence accumulation
affects only the perceived position. In
contrast, ‘the saccadic system uses only
the current visual input to extrapolate the
target position in order to intercept it.’ The
idea of the saccadic control system
having no memory [6] is intriguing, and
would predict an inability of saccades to
correctly intercept a target moving along
a curved path, unless second-derivatives
of position are allowed as ‘current visual
input’. The range of information that can
be considered ‘current’ requires further
elaboration.REFERENCES
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Sensory systems have adopted various ways to enhance detection and discrimination. A recent study shows
a novel spatial organization of sensory cells in the peripheral olfactory system in mice for better odor
detection.Our senses give rise to our perceptions
of the outside world. Each sensory
system, which starts with peripheral
sensory receptor cells, is evolved for the
detection and discrimination of a range
of stimuli that is biologically relevant tofitness and survival. Sensory receptor
cells transduce information about
stimuli into electrical signals that are
processed by the brain. Both the cellular
properties of these peripheral sensors
and their spatial organization in thecorresponding sensory organ contribute
to the sensitivity, dynamic range,
and acuity of the system. Olfactory
sensory neurons are the sensors of the
olfactory system. A new study by
Challis et al. [1], published in this issue2015 Elsevier Ltd All rights reserved R833
